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(54) [#J)l4>«ft] IH*MULlF^^ilftWl^& 



(57) »»] 

m*%T, C 0. 05—0. 30%> Cr 8. 0-13. 0 
%, Si Mn 1. 0%J£>TF, Ni 2. 0%J^T. V 0. 

10-0.50%, Nb 0.05 —0.25%, W 0.50—5.0 %, N 0. 
025 -0. 10%, B 0. 0005-0. 05%, Re 3. O^ETFSr&^T 

;i^>im h^xF^gp^^fhs^ 2. 5-7. 0 mm%<D$r 



(2) 

m&m i ] mci%T, c o. 05-0. 30%. cr 8. 0-1 

3.0%. Si 1.0 KBIT. Mn 1. 0%£TF, Ni 2. 0%J£TF, V 
0. 10-0. 50%, Nb 0. 05 —0. 25%. W 0. 50—5. 0 %, N 
0.025 -0.10%. B 0.0005-0.05%, Re 3. 0%J£TF£ 

[W*3H2] li%T, C 0.05-0.30%, Cr 8.0-1 
3. OX , Si 1. 0%£TF, Mn 1. 0%J£JUF, Ni 2. 0%J£TF, V 
0. 10-0. 50%, Nb 0. 05 -0. 25%, W 0. 50-5. 0 %, N 10 
0.025 -0.10%, B 0.0005-0.05%, Re 3. 0%&T£ 
<a*U 2*>\Z. Hf 0.001-1.0 %, Ti 0.001-1.0 
%, Zr 0.001-1.0 %. Co 0.001-3.0 %, Mo 1.5%J^ 
TcD4>&<ifc 1fiJ^±£^U 3St«ttFefttf*Riai 

£v>T, !fc«»cj;D, wmT**TtB*a>'&W*&< 2.5 

-7.0 *«XT*5 21tft»«frSli«»»!. 

*WT\ SAni 550 , C£tJi^ l & 630^*^, 630t;J^ 20 
680t:*^, Xtf 680"C^_t^^ 77(TC*«iCDi& 

[it jftm s 3 5 BmtDmmm&m ^tzz.t 

[OOOl] 50 

n\z%t>r), mzmuftmz&n&hthiz, 

[0 0 0 2] 

ft3fc, £Ocfc5&i^i«EEM#£bT, 8-12%<£Cr 

So 

[0 0 0 3] tfefeOitSCrVx^-f hXMBJRMtt* iSfflK 



#BB¥6-3 0 6 5 5 0 

2 

So 

[0 0 0 4] 

KCr^x^ h^Hifcgsjte 60irca*C!)jS*T«Hp|IB© 

[0 0 0 5] **KttCCDJ:5S:»H^»«i-rs&«)^ 
[0 0 0 6] 

tt, C 0.05—0.30%, Cr 8.0-13.0%, Si 

1. 0%OT, Mn 1. 0%&HF, Ni 2. 0%£TF, V 0.10-0.5 
0%, Nb 0. 05 —0. 25%, W 0. 50-5. 0 %, N 0. 025 — 
0.10%, B 0.0005-0.05%, Re 3. 0%£TF£^TU S 

[0007] *mw(Dfocom?&m\z. sa%-e, c 0.05 

-0.30%, Cr 8.0-13.0% , Si 1.0XETF. Mn 1. 0%J^ 
T, Ni 2. 0%J£TF, V 0.10-0.50%, Nb 0.05 -0.25 
%, W0. 50-5. 0 %, N 0.025 -0.10%, B 0.0005-0.0 
5%, Re 3. 0X£lT«^fiTU Hf 0.001-1.0 

%, Ti 0.001—1.0 %, Zr 0.001-1.0 %, Co 0.001 — 
3.0 %, Mo 1.5^KTO / >ft<tt) 1«£JLh£'&#U 

So 

[0 0 0 8] £fc, JfrJfi»«rrc£K:«fc 

2.5-7.0 mm%^»zz£&ftWL£T*±.m<z>m!&m 

[0 0 0 9] SSlc. SAntt 550^^^ 

£ 630X:*^, 63(TCBLL*>S 680<C*S, 680^ 

tc'j>tz<£b 2m&L±<D&m^z^xmmm^tsrrz:ii 

&ftWLtt*±m<Dmmm<D&Mm%mzK'T2>. 
[ooio] v;i^>-tM- h^x^giscD^fm 

<Dffl^«r«-rSS5Cr7x^-f h 9! fc^&Bf 
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T^>o iAnt 55ffCH±*>& 630^*^ 630'CJK± 
3^6 68(TC*«> RZfi 68(TC£U:j&>S 77(TC*S8tf>i&SE 

*K*V»T31«a:»IHI©!»ffla«Mrt" £ fc tc£ 9 > (F 
e. Cr)2 W (Lavesffl) (Omtt'TZ&mKik&faRZfCr 
23 Cb m<D M23 Ce SWffltt^^ldttafiSR^^^ 

>Kh7XiS^ ^fflfl:«Nb(C. N) Sr3£lcv;i^> 
1M h^Xrt^Wffi£1*5£fcasT#£. -C-OfiSX. & 
JWBfl:ft*JktX M23 Ce fflWHI«^«fc*ttJWfflaMt 
fc, Nb* C > N j&*€>&£K*flsttT»*Nb(C, N) fc££ 

[ooi2] jiftjasiafttt^n-encofflftttoa 

[0 0 13] Wffi«l*BfaotlftB»JBRt;«rffl«tcWSE 

HTICSE^*. *aSM©iBS»»!^ 63(TC£JLt)&>'& 680^ 
Cr\ W ^SttSAMIBft^^ttatftflLRtf^^Vli- 

*iiit;ii^<&:£o L^U 680X:K-h"CttBfao*JRa 

»*#«fc»fc]ttt««i»iuio»ja3aft»'r* fc fc t> k 

®H£ 63(TC£JUb&*£ 680*07^ fc Lfc. 
[0 0 14] (n) 680 , CJK±^& 770*C**G>ffla« 
fcLfcSftSrKTfc*^*. M23 Ce Sflrttiftfct, 680 
"C£Ui*6 770 c C*«^^a^^^^T^^S^r/-T 



(3) #i¥6- 3 0 6 5 5 0 

© M23C6 !WfHMIi<D«rlBfl*i|llPb, ^n&fWU- 
— 770 , CK±T^SS^^;i/5 = ->1f< h 

®K£ 680 € C£U^S 770 < C*S»fcUfc. 
[0 0 15] (/N) 55(TC£Uia>S 63lTC*«»<Bfil£« 

S5irC£Ui3^& 63Q1C*M©afl^K:*5W-*ftl 

630 , C£JUiT?tt±BB«fttS«<oai» 
fcfi*{bS:ffl <*:«>> -E-®iUE16n& 550 c C6Ui7&>S 6 

[0 0 16] ±Jft©J»fflSftmTili:JCJ:D* firAtt^ 

7XrtB5^wffl***WHi*ii<D-&w-*3»« 2. 5-7.0 ma 

R**rt!JtU *a*HflH«©»tt«T*«*a:<tt*. fc 
20 < \zft * LViffffl«©^»*flE>IKHtt 3. 0-6. 0 11% 

[0017] eafisfR^^^^-y-f 

iHcWJHS-BrSAJMBft^Rtf M23 Ce S^rm*©^ 
M-fttt 1. 0-6. 0 I1%T% v;^>it-T b^xrtSUc 
tfffctt^iir^Nb, C > N ^^fe^^Slfcfttt 0.02 -0.2 
a»%<D«BlC**£fcj&*ff*LV>. CcD^ffilc&Sfc 

[0 0 18] fefc. «fttI«lCE)H«tt. KWStttRtiiK 

S^-o^T I C PX%^3K&Rtf I C PMS^W^fc J: 

X«»«ft, mT^lHl«Ta#^#f^UT (Fe,Cr)2 
W. Cr 23 Ce . Nb(C. N)^^#m"T^>o 

[0019] *Km<ommm<om&mmt:mxrr 

r. Nb. V ^tf^l/tKtt^Mb, ^n^^i 
UP*i&RT?**««* 0. 30%£jg^T^tnt-£<h^{^(ft 

a*fl:sffiifrsfc«), ^^wa^o. 05-0. 30%tu 

[0 0 2 0] CrttBHMfctt* IBftttSrrRl-h^^ttfe 
50 ^T^> M23 Ce S!Wm*©«jBS7C*<tbTi£M|5F*5l^a 
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$nfZ^ 0 -Jj. 13. 0%^^(h(57x7< hflCDff 

»»J&*»£n&V>fc»> -t©-&#a«r 8. 0-13.0% 
ft. 

[0021] mmm&fcRzf&fflte vfc&{£%i<DMf& 

ifiHlS****, 0. 5%ftiS;L3£: <5 7 iL?^ b<Dtirthtf 

wafto. 10-0. 50%<hb^o 

[0 0 2 2] WttH*3fifl:ttt>^*5SM©»J!S«^^ 

fri£Z>fr1sb\Z\* 0. 5X£tJi<Z)SSlin^S|-e*S^ 5. 0 
-€*<£*a3raft0. 50- 5. 0%<hb7co 

[0023] Rett*«a©«lnn?H»5*ifcKHIb<W# 
S*Sitt)»c*»IBfl!)B>ft*©B9rtt**b<a345 

[0024] Ba«a«)SAiT^ftttoift&Ai«nfi 

\zffi&TZ> M23 Ce S«rmftlc*liT*€r^i. b^b, 
0. 0005%*S(n?tt±3S < * 0. 05% ftjg;t 5 

se>, -^©^wasro. 0005-0. 05% tu, 

[0 0 2 5] Nbte C&tfN £»-&bTNb(C> N) (OWfflj^ 
U— yget©±9SDtC^#"rSo Nb(C, N)te 600- 650^ 

2&*##SnftV>. — 0. 25%ftiS;t£<h*©^tf>m 
*&Nb(C> N)<Dft:«Jp^m«^«Sab, ^U-^ffiSiO 
<£Tft£b, ?&^Iit^WjD2t?)fc^, ^CD^W 
SftO. 05-0. 25%<hbfc<> 
[0 0 2 6] SittK»*rtbT4&S^FpJ*fe7C*"e* 

d „ 1. 03sg£*-m* u -yfifit<oiP3±jc fete-r^jc 

fflttft*b<{£TS-&*fc«K f©ttflS: 1. 
[0 0 2 7] MnttRttR^lK»tfi:bTaK3a:7C**r* 



(4) 1#M¥6 - 3 0 6 5 5 0 

5 

JPtt^U-^ffiSiSrffiTS-tirSfc*. ^CD^fTQft 1.0 
%£TF£bfc. 
[0 0 2 8] NittSSAnttXrX«tt*lRl±*-e:«tt*> 
KS^a:^^ b0tlTm£#Bf6fr£o b^U 2. 0%ftj& 
^Si:^U-^ p lg*t«:*b<ftTS-&Sfc*, 

[0 0 2 9] Nttftfl:tt*SVitt^{bft*^*r5C 

o. 025%*«-c»4c:n6©a*3^Hi 
^H8*sn&v>. o. ioxftjB**iafl;«i»s 

StizfelcKiStt^flET-rsfc*. Wa ft 0.025 

-0. 10%£bfc„ 
[0 0 3 0] MottBj8^7C*2&^fl:«0*J«7C*i: 

ftSSbntta^x^-f hft£jSb«teft«b<flrFS1*S 

<&%aft I.SXKTfcbfc. 
[0 0 3 1 ] Ti&tfZrte C&tfN fc«*bTTi (C, N) fc 

SS»©Wfflft*ffi5i*^S7C*i:bT^rfflT?*0. & 

m\z&CTmuTz>&, ±»<03**tt o. ooi%*srm 
n*n o. ooi- 1. o%<hb*:. 

[0 0 3 2] HfttC J&ZfU t^LTWM^^ 
fcA,£«»Stl&V>. — I.OXftiH* 

y w > { b ft m b < ^it b z u - y & st £ & t a * 

0.001- U^tLfc. 

[0033] co^a^^^-r h^wtBftffiiSJ-r^iichfe 
^b. o. m%*ffi^te±&<D%b%Lm3Lt/v£m!b*>n 

40 te^o — 3. 0%ft@^^>^P^^U-7 r ffi6ift{g;T 

s-&sttt)tjswttftajft'5fc«>, -e^^raft o.o 

01- 3. 0%£b/co 
[0 0 3 4] ±ffifiE»^:f>mc^»-CfeSFeft^iaT 

g^bi^o z:z^»jm#>\z<&2itittmwi£\* Pv 

S> Sb, As, Sn^<7)7C^ftVi3o 
[0 0 3 5] *aSK<DiHJR8l«, 3K«^— 

50 Eftsn&iiB34*frT«c*^T«tfflan*«#K:*jB 



-4- 



(5) 



0 6 5 5 0 



8 



[0 0 3 6] 

mmmi 

(1) Rl^ftl (2) l:^f 0 1*^No. 19 

tt**?8OiBJ»M©ft*ffl«Bffl<0»T?*0, No. 20 ^ 
£No. 23 tt*»??c0BJR*«>ft^ffl««H^STtt*6 
&V>iti£»T&£<, -Tft fe-S, No. 20 \%9^f)VAll 



©Ki&ffiS* ya7^H»W:ffil$nx^§. No. 21 

o. 22 tt W, B&tf Re > No. 23 « WiSinfirt* 

«§S©ft«WimaTT*D. flo B&tf Re £^ 

[0 0 3 7] 
[SI] 




C*2] 
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±mmmz5Qkg<DnQmm&mmm%iFizTmB • at 
m&s ^<d'&, ^2(i) 

2(2) ^t"^S^T^^^^bfCo N 
o. 4, No. 6, No. 7, No. 9, No. 11 , No. 14 \Z 2mm?)3k 



40 ft-vmmw&mvtco 

[0 0 3 8] 
[^3] 
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(7) #ii¥6- 3 0 6 5 5 0 

11 12 



m2 CD 



a* 












m 


1 


1100*0 x3h—ftb?£ 


570*10 xl5h + 640*Cx24h 


2 


1100*0 x3h—jft?£ 


570 , Cxl5h + 640t:x24h 


3 


1100*Ox3h— iifr 


570X5 xl5h + 640 < Cx30h 


4 


1100*0 x3h-*&?£ 


570*Cxi5h ->^£ + 640Tlx30h 


1120*0 x3h— 


750XJX lh -^?& + 670^Cxl0h 


5 


1100*0 X3h— 


570 fl Cxl5h + 640t:x24h -*^# + 750^ x lh-*3g>£ 


6 


1100*C x 3h— m& 


570XJXl5h 640^Cx24h + 750*0 X lh-»ffi?£ 


1120*0 x31i-ifcte 


750*0 x lh — ^?&+ 670*0 xlOh — 2tft 


7 


1100*0 x 5h— jft/fr 


570TJX15h -»-^?&+ 640TCX24h —&J$ + 750T2 x lh-»-3??& 


1120*0 X3h— 


750*0 x lh — + 670*0 xlOh — Stffr 


8 


1100*C x 5h— 


570*0 x J5h + 640*0 X24h — 750*0 xih—£?£ 


9 


1100*0 x 5h^jfc# 


750*0 X 3h 640*0 X 30h — 


1120*0 x3h—ift?fp 


750*0 x lh — gg?*+ 670*0 XlOh — 


10 


nocc x 5h— m& 

♦ 


750*0 x 3h — 640*0 X 30h — 


11 


1100*0 x 5h— 


750*0 x 5h — 650*0 X30h — ^ 


1120*0 X3h-*?ft^ 


750*0 x lh — 670*C xlOh 



(8) 6-306550 
13 14 

S2 C2) 









_ • 


w 


12 


1100*0 X5h— 


750*0 x 5h 650Ox30h 


13 


1100X3 X3h-tt# 


6500 X30h — 700*0 Xl5h — 


14 


1100Ox5h^tt# 


650Ox30h + 700*0 Xl5h 


1120Ox3h-*tt# 


750OX It — 670Oxl0h 


15 


1120*0 X3h-j*# 


750OX lh — 670*0 x 10h 


16 


1120tix3h-*tt# 


750OX lh — 670X5 xlOh —3S!?£ 


17 


1120*0 X3h-»ft# 


750OX lh + 670*0 xlOh 


18 


1120*C x 3h—itt}£ 


750Ox lh — 670*0 xlOh — S# 


19 


1120*0 x 3h-»jft& 


750Ox lh 670*0 xlOh 


it 


20 


1030*CxO.5h-*jfc}£ 


630OX lh — 


1120T3 x 3h-*jffi# 


750Ox lh + 670Oxi0h 


21 


1100O x lh— 


750OX 2h 


1120*0 X 3h— mft 


750OX lh — + 670*0 xlOh -*3^£ 


22 


1120*0 X 3h— th& 


750OX lh — 670Oxl0h — 


23 


1120*0 x 3h— m& 


750Ox lh — 670*0 XlOh — «E» 



*£*J(5U cnb®mSt7il/V>-$7- (La *-<Z>*g*£*3 (1) RffS3 (2) ^^to 

rson-Miller ) /^*— ^£m>T 58(TC-1Q 5 ftPO® 30 [0 0 3 9] 

«(0«feKSiRtf^:n«r 63(TC-25kgf/mni 2 G>*#T?* U 
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£1\ JtR»rt?<&*No.20 &cV«a21 £itt£T£o No. 2 
I©*jn*WS^fcA Lavesfflcojaif-tfrtB^b^W 

SftUrtlSSttW'N© Lavesfl©Wffifc<fcDNa20 tctfc 
^8BtflfcB&&i?KV>. No. 22 tt W, B&tf Re 

£T > No. 23 tt W^SPS^*:%^co>fb#m^«BH«TT 
#0 B^c^ Re £^£&^*:#k No. 21 <h[^«l^ 
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[0040] *&w<Dmmmtiti&m£&i£&r 

Z> 0 *KW<01HJ»*HT?*SNo. 1-~No19HU 593 

[0041] aRbi»jas«cD«ttfliRtxe:n6Pc eoo 
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19 

^T, JIS4^f 2mn Vy ^^'>ir^b!— K»)nSfflViT20 
•C«c43V>T«»K»*fTofc. 3 (1) X 

tfX3 (2) tC^T. 

[0042] &&mz*ftm<Df&Mw*misrzm&<z>m 
mL'&<Dffimm\t 2.2- 5. 8kgf-m/cm 2 m$b 

mz\Z 1.9— 2.7kgf-m/cm 2 ^^MIKfeTTS. — 

Ufc»*©«iHL«©«»«41.9^ 2. 3kgf-m/cm 2 T? 
»5rt<, HB»«IC*^T*> 1-8- 2. 1kgf-m/cm 2 £$£J# 
bT*5 D HfJRilcJ:5Kffaffl/ < 'hS 
[0 0 4 3] &\Z* «ffl«l<O^H-fi*ifc««t*KW«> 
B*MH£:T?JtlM-a. St\ MKbMnaftlcM:, its 
B<Z>WttJ«r&W-SWt 2. 4SS%«T£ffi^o cn^^ 6 
3(TC - 25kgf /mm 2 cr>«£#T * U - ?mft £ -fr* fc ^ftl 

®MW&£tt&?2> Siting («3 (1) Xtf*3 
(2) tt» 3.01i%^±Tfe^o 

[0 0 4 4] -Sr. *«H®WMti. MKUMtXHtt 

^r-eictFf ui«c!>'&«-*ja:je 3. mm%sk±*v» r> * 6 

3(TC - 25kgf /mm 2 co^ff T i? U -:/®»r $ ii:^> £. ^-ftl 
5.0a«%RJt^£iflraLfc. Lj^U ifj&nS (S3 
(1) Ktf<E3 (2) tO©-O0«) tt 1.32 - 1.8 

[0 0 4 5] #»*<3!)BJI(k«t*ViTtt*Ana 55(rc 



(11) ^i¥6-3 0 6 5 5 0 

EUt*>S 63(TC B3ffCaJi^6 68(TC*»* Rtf 

[0 0 4 6] T&fr**»9!<0BJJ&8!B:* ^M*~t:> 

[0 0 4 7] *SS#j2 

^6600 1 Ttf^tlfcNo. 15 RtfNo. 16 (DBEMttZm 

0. PHWNo. PH10 14 2KB&5W4 3J£FgCD^Mb£SS 
bfc*a5B©J»a«ftfr"C» 0 , ^2LSNo. CM -No. CH3 

[0 0 4 8] ±IS13ffi®0)llft®3l^iSbfc 2fPJ«fcOV> 

£<D^£Stc^;VV>-^~ (Larson-Miller ) 
7*-^£fflV>T 580X:-10^*Wa>^U— 

[0 0 4 9] 
»7] 
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6-306550 

[Title of the Invention] HEAT RESISTING STEEL AND HEAT TREATING METHOD 

THEREOF 

[Abstract] 

[Object] 

To assure excellent strength at elevated temperature in steel applied suitably for 
a high-temperature steam turbine and long term sustainment of the strength at elevated 
temperature. 
[Constitution] 

Containing % by weight of C 0.05 to 0.30%, Cr 8.0 to 13.0%, Si 1.0% or less, Mn 
1.0% or less, Ni 2.0% or less, V 0.10% to 0.50%, Nb 0.05 to 0.25%, W 0.50 to 5.0%, N 
0.025 to 0.10%, B 0.0005 to 0.05% and Re 3.0% or less; the remainder being Fe and 
inevitable impurities; depositing a total amount of 2.5 to 7.0 % by weight of deposit in 
crystal grain boundary, martensite lath boundary, and martensite lath interior. 
[Scopes of the Patent Claims] 
[Claim 1] 

Heat resisting steel, characterized by containing % by weight of C 0.05 to 0.30 % , 
Cr 8.0 to 13.0%, Si 1.0% or less, Mn 1.0% or less, Ni 2.0% or less, V 0.10% to 0.50%, Nb 
0.05 to 0.25 % , W 0.50 to 5.0 % , N 0.025 to 0.10 % , B 0.0005 to 0.05 % and Re 3.0 % or less; 
and the remainder being Fe and inevitable impurities. 
[Claim 2] 

Heat resisting steel, characterized by containing % by weight of C 0.05 to 0.30 % , 
Cr 8.0 to 13.0%, Si 1.0% or less, Mn 1.0% or less, Ni 2.0% or less, V 0.10% to 0.50%, Nb 
0.05 to 0.25%, W 0.50 to 5.0%, N 0.025 to 0.10%, B 0.0005 to 0.05% and Re 3.0% or less; 
containing further at least one or more of Hf 0.001 to 1.0%, Ti 0.001 to 1.0%, Zr 0.001 to 
1.0%, Co 0.001 to 3.0%, and Mo 1.5% or less; and the remainder being Fe and inevitable 
impurities. 
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[Claim 3] 

The heat resisting steel according to claim 1 or 2, characterized in that a total 
amount of deposit deposited by heat treatment is 2.5 to 7.0% by weight. 
[Claim 4] 

A heat treating method, characterized by that heat treatment is conducted to the 
heat resisting steel according to claim 1 or 2 after quenching at at least two types of 
temperatures selected respectively from temperature ranges of from 550°C or more to less 
than 630°C, from 630°C or more to less than 680°C, and from 680°C or more to less than 
770°C. 
[Claim 5] 

Rotor vanes, shrouds or cotter pins and nozzle pins as well as bolts and nuts, 
control valves, valve rods and valve casings for steam turbine, characterized by using the 
heat resisting steel according to claim 5. 
[Detailed Description of the Invention] 
[0001] 

[Industrially Applicable Field] 

The present invention relates to a material applied for a high-temperature steam 
turbine, and particularly to high Cr ferrite heat resisting steel which is excellent in 
strength at elevated temperature and can maintain its material characteristics for a long 
period of time, and a heat treating method thereof. 
[0002] 
[Prior Art] 

Concerning high-temperature and high-pressure materials for thermal power 
generation equipment, it is requested that there is an excellent balance in material 
characteristics, and at the same time, there is no remarkable change in the material 
characteristics at elevated temperature for a long period of time. 

Heretofore, high Cr ferrite heat resisting steel containing 8 to 12 % of Cr has been 
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used as such high-temperature and high-pressure material as mentioned above. Since 
such type of steel is comparatively inexpensive and excellent in manufacturability and 
exhibits good physical characteristic values, it is widely used and contributes to 
improvements for performance, reliability, and operation for high-temperature and 
high-pressure equipment. 
[0003] 

In conventional high Cr ferrite heat resisting steels, the major object for their 
developments is to satisfy both of conflicting characteristics, i.e. strength at elevated 
temperature and toughness. In these circumstances, a deposit is homogeneously and 
finely deposited into crystal grains in addition to solute strengthening of a mother phase 
while avoiding deposition of the deposit on the crystal grains which is one of causes for 
decreasing toughness, whereby assurance of strength at elevated temperature is intended. 
[0004] 

[Problems to be Solved by the Invention] 

However, when creep is applied at a high temperature of around 600° C to a 
conventional high Cr ferrite heat resisting steel for a long period of time, changes in its 
metallic texture become remarkable, whereby a greater part of a deposit inevitably 
deposited exists on crystal grain boundary or martensite lath boundary, while inside the 
martensite lath, a density of the deposit decreases, so that a tendency of recovery/subgrain 
becomes active. As a result, there is such a problem that its material characteristics such 
as impact resistance decrease remarkably in response to the texture changes. 
[0005] 

The present invention has been made in order to cope with the problem as 
mentioned above, and an object of the invention is to provide a heat resisting steel which is 
applied suitably as a material for high-temperature steam turbine, excellent in strength at 
elevated temperature and can maintain the strength at elevated temperature for a long 
period of time, and a heat treating method thereof. 
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[0006] 

The heat resisting steel of the present invention is characterized by containing % 
by weight of C 0.05 to 0.30%, Cr 8.0 to 13.0%, Si 1.0% or less, Mn 1.0% or less, Ni 2.0% 
or less, V 0.10% to 0.50%, Nb 0.05 to 0.25%, W 0.50 to 5.0%, N 0.025 to 0.10%, B 0.0005 
to 0.05% and Re 3.0% or less; and the remainder being Fe and inevitable impurities. 
[0007] 

The heat resisting steel of the present invention is characterized by containing % 
by weight of C 0.05 to 0.30%, Cr 8.0 to 13.0%, Si 1.0% or less, Mn 1.0% or less, Ni 2.0% 
or less, V 0.10% to 0.50%, Nb 0.05 to 0.25%, W 0.50 to 5.0%, N 0.025 to 0.10%, B 0.0005 
to 0.05% and Re 3.0% or less; containing further at least one or more of Hf 0.001 to 1.0%, 
Ti 0.001 to 1.0%, Zr 0.001 to 1.0%, Co 0.001 to 3.0%, and Mo 1.5% or less; and the 
remainder being Fe and inevitable impurities. 
[0008] 

Furthermore, the present invention relates to the above-mentioned heat resisting 
steel, characterized by that a total amount of deposits deposited on its crystal grain 
boundary and martensite lath boundary, and inside the martensite lath is 2.5 to 7.0 % by 
weight as a result of applying a heat treatment. 
[0009] 

Further, the present invention relates to a heat treating method, characterized by 
that heat treatment is conducted after quenching at least two types of temperatures 
selected respectively from temperature ranges of from 550°C or more to less than 630°C, 
from 630°C or more to less than 680°C, and from 680°C or more to less than 770°C. 
[0010] 

The present invention is based on such finding that when each predetermined 
amount of a deposit inside a martensite lath and a deposit on a crystal grain boundary or a 
martensite lath boundary which has been heretofore considered to be a cause for 
deteriorating characteristics are allowed to be contained into a high Cr ferrite steel having 
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a specified composition, stability in its metallic texture can be maintained at a high 
temperature for a long period of time, whereby high-temperature creep rupture strength 
and creep resistance are improved. Besides, the further invention is based on such 
finding that when a predetermined heat treatment is applied, the above-mentioned 
deposits are easily deposited. 
[0011] 

In the following, the deposits and the heat treating method will be described. 
When a heat treatment for an appropriate period of time is implemented after quenching 
at a temperature at least two types of temperatures selected respectively from within a 
temperature range of from 550°C or more to less than 630°C, from 630°C or more to less 
than 680°C, and from 680°C or more to less than 770°C, an intermetallic compound 
having a (Fe, Cr) 2 W (Laves phase) type and M23C6 such as Cr 2 3C 6 type deposit can be 
deposited principally on its crystal grain boundary and martensite lath boundary, while 
carbonitride Nb(C, N) can be deposited principally into the martensite lath. As a result, 
a metallic texture which can function complexedly for strengthening grain boundary 
deposition due to the intermetallic compound and M 2 3C 6 type deposits and for 
strengthening deposition distribution due to Nb(C, N) being a carbonitride consisting of 
Nb, C, and N may be obtained. Such metallic texture exhibits excellent high-temperature 
creep rupture strength, and in addition, the metallic texture itself stabilizes at elevated 
temperature for a long period of time. Moreover, when the heat treating method 
according to the present invention is applied to heat resisting steel containing the additive 
elements within the above-mentioned composition range, more excellent metallic texture is 
obtained. 
[0012] 

It is to be noted that the heat resisting steel of the present invention may be 
obtained irrespective of an order of heat treatment as long as a combination of the two 
types of temperatures are selected respectively from the above-described temperature 
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ranges. More specifically, any of the following manners is applicable for the invention. 
A manner wherein a heat treatment is conducted in a high-temperature range after 
another heat treatment is conducted in a low-temperature range may be made, and vice 
versa. After a heat treatment, its temperature of a material to be treated may be once 
returned to a room temperature, and then the material may be subjected to again another 
heat treatment. Moreover, after a heat treatment, its temperature of a material to be 
treated may not be returned to a room temperature, but another heat treatment may be 
successively implemented in a low-temperature or high-temperature range. 
[0013] 

The reasons for specifying heat treating temperatures as mentioned above for 
adjusting deposits to have desired deposition patterns and deposition amounts will be 
mentioned hereinafter. 

(a) A reason for specifying a temperature range of from 630° C or more to less than 680°C 
is as follows. When a heat treatment is applied to the heat resisting steel of the present 
invention within the temperature range of from 630°C or more to less than 680°C, an 
intermetallic compound composed principally of Fe, Cr and W is deposited extremely 
actively on its crystal grain boundary and martensite lath boundary with centering 
around them. As a result, creep resistance of the heat resisting steel of the invention 
becomes remarkably higher than that of a conventional material by only the heat 
treatment described herein. At 680°C or more, however, a heat treatment for a 
comparatively long period of time is required, besides tempering becomes excessive for 
obtaining a desired metallic texture, while an amount of the deposit into the martensite 
lath increases remarkably at a temperature less than 630° C. Hence, the temperature 
range is specified to from 630°C or more to less than 680°C. 
[0014] 

(b) The reasons for specifying a temperature range of from 680° C or more to less 
than 770°C is as follows. An M23C6 type deposit can be preferentially deposited on its 
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crystal grain boundary and martensite lath boundary within the temperature range of 
from 680°C or more to less than 770°C. Moreover, heating within the temperature range 
induces also deposition of intermetallic compounds. As a result of a heat treatment at the 
above-described temperatures, these deposits can be complexedly and successively 
deposited on its crystal grain boundary and martensite lath boundary, so that even when 
only the above-described heat treatment is applied, creep resistance of the heat resisting 
steel of the invention becomes higher than that of a conventional steel material. In case 
of less than 680°C, an amount of deposition of a M 2 3C 6 type deposit into the interior of its 
martensite lath increases, these deposits cannot function effectively with respect to 
increase of the creep resistance for a long period, while in case of 770°C or more, the 
M 2 3C 6 type deposit deposited on the crystal grain boundary and the martensite lath 
boundary coarsens remarkably, besides the deposit approaches a transformation point of 
austenite. Accordingly, the temperature range is specified to that of from 680° C or more 
to less than 770°C. 
[0015] 

(c) The reasons for specifying a temperature range of from 550° C or more to less 
than 630°C is as follows. When a carbonitride consisting principally of Nb, C and N is 
heated at a temperature within the temperature range of from 550°C or more to less than 
630°C, the carbonitride can be deposited homogeneously and finely into its martensite lath. 
At a temperature less than 550°C, however, an amount of its deposition is insufficient, 
while at a temperature of 630°C or more, the above-described deposit coarsens rapidly, so 
that the temperature range is specified to that of from 550°C or more to less than 630°C. 
[0016] 

As a result of applying the above-mentioned heat treatment, when a total amount 
of the deposits deposited on the crystal grain boundary and martensite lath boundary as 
well as inside the martensite lath is within the range of from 2.5 to 7.0% by weight, creep 
rupture strength at elevated temperature and creep resistance are improved and 
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characteristic deterioration after lapse of a long period of time at elevated temperature is 
reduced. A particularly desirable range of the total amount of the deposits is 3.0 to 6.0% 
by weight. 
[0017] 

Furthermore, it is preferred that a total amount of an intermetallic compound 
and an M23C6 type deposit to be deposited on the crystal grain boundary and martensite 
lath boundary is 1.0 to 6.0% by weight, while a carbonitride consisting of Nb, C and N to 
be deposited inside the martensite lath is within the range of 0.02 to 0.2 % by weight. 
When these total amounts are within the ranges, deterioration in material characteristic 
values such as impact resistance after the lapse of a long period of time at elevated 
temperature becomes low. 
[0018] 

Measurement of deposits is conducted as described hereinafter. A sample is 
introduced in a mixed solution consisting of hydrochloric acid and hydrogen peroxide, a 
mother phase is dissolved by means of supersonic dissolution, a residue after filtration is 
washed, and then the resulting value is represented by % by weight. Furthermore, 
amounts of constitutional elements in the deposits are quantified by means of ICP 
emission spectrography and ICP mass spectrometry of the residue. (Fe, Cr) 2 W, Cr 2 3C 6 , 
Nb(C, N) and the like are calculated by a simultaneous use of the results quantified and 
TEM method, X-ray analysis, electron diffraction method and the like. 
[0019] 

In the following, reasons for limitation of a composition range of a heat resisting 
steel of the invention will be described wherein % by which a composition is represented 
in the following description is % by weight unless otherwise specified. C is an 
indispensable element which combines with Cr, Nb, V and the like to form carbides, and 
they deposit on crystal grain boundary and martensite lath boundary, or inside the 
martensite lath, thereby suppressing movement of dislocation to elevate creep rupture 
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strength in addition to improve quenching and to suppress production of 5-ferrite. 
Although addition of 0.05% or more of C is required to assure desired creep rupture 
strength, when C is added more than 030 % , it accelerates coarsening of carbide, and thus, 
the content of C is limited to 0.05 to 030 % . 
[0020] 

Cr is an indispensable element for constituting an M23C6 type deposit which 
contributes to improving oxidation resistance and corrosion resistance, besides contributes 
to solute strengthening as well as to deposition dispersion strengthening and grain 
boundary deposition strengthening. However, the above-mentioned effects cannot be 
obtained in the case where an application amount of Cr is less than 8.0%. On the other 
hand, when the application amount exceeds 13.0%, it results in decrease of creep 
resistance with increase of an amount of 5-ferrite. In addition, depending upon a balance 
between the other components, quenching or normalizing from an austenitic region 
becomes impossible, so that a martensite texture is not obtained, the content of Cr is 
limited to 8.0 to 13.0%. 
[0021] 

V contributes to solute strengthening and formation of fine V carbonitride. 
When an application amount of V exceeds about 0.30 % , these fine deposits deposit 
principally on martensite lath boundary during creeping to suppress recovery, and in 
addition, to increase creep resistance. However, when an application amount of V 
exceeds 0.5 % , deposition of 5-ferrite becomes remarkable. On the other hand, when the 
application amount of V is less than 0.10%, both of a solute amount and a deposition 
amount are small, so that the above-mentioned effects are not obtained, and hence, the 
content of V is limited to 0.10 to 0.50 % . 
[0022] 

W contributes to solute strengthening, besides it contributes to forming an 
intermetallic compound composed principally of Fe, Cr and W which is the most 
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important factor in the heat resisting steel of the present invention. An application 
amount of W of 0.5 % or more is required for allowing to deposit a greater part of the 
intermetallic compound on the crystal grain boundary and martensite lath boundary and 
to function effectively with respect to creep deformation as a result of applying an 
appropriate heat treatment. However, when the application amount of W exceeds 5.0 % , 
its toughness and heating embrittlement characteristics decrease remarkably, so that the 
content of W is limited to 0.50 to 5.0 % . 
[0023] 

Re is an important element for the heat resisting steel of the invention, 
infinitesimal addition of which contributes remarkably to solute strengthening, and in 
addition to keeping an austenite particle diameter fine, thereby to be effective for 
improvement in toughness. However, an excessive addition of Re reduces its workability, 
besides it damages economical efficiency of the heat resisting steel of the invention, and 
thus, the content of Re is limited to 3.0% or less. 
[0024] 

As a result of adding a small amount of B, it becomes possible to stabilize 
carbonitride at elevated temperature for a long period of time, and such effect is 
remarkable particularly in an M 2 3C 6 type deposit which deposits on crystal grain 
boundary and in the vicinity thereof. However, when an application amount of B is less 
than 0.0005 % , the above-mentioned effect is small, while when it exceeds 0.05 % , its 
workability is damaged, besides creep resistance is reduced, and hence, the content of B is 
limited to 0.0005 to 0.05%. 
[0025] 

Nb combines with C and N to form a fine carbonitride of Nb(C, N)» thereby 
suppressing movement of dislocation to contribute to increase of creep resistance. Nb(C, 
N) is extremely effective for improvement in creep rupture strength under high stress at 
around 600 to 650°C. However, when an application amount of Nb is less than 0.05%, a 
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deposition density is low, so that the above-mentioned effects cannot be obtained. On the 
other hand, when the application amount exceeds 0.25 % , a volume fraction of an 
undissolved coarse Nb(C, N) increases rapidly, resulting in decrease in creep resistance 
and acceleration of macroaggregation, so that the content of Nb is limited to 0.05 to 
0.25%. 
[0026] 

Si is an indispensable element to be used for a deoxidizing material. Although it 
contributes slightly to improvements in creep resistance with an application amount of up 
to around 1.0%, addition of an excessive amount results in a decrease in creep resistance 
and a remarkable decrease of toughness, so that the content of Si is limited to 1.0% or less. 
[0027] 

Mn is an important element as desulfurization and deoxidation materials, and in 
addition Mn contributes also to improvements in toughness. However, since an excessive 
addition of Mn decreases creep resistance, the content of Mn is limited to 1.0% or less. 
[0028] 

Ni improves hardenability and toughness in steel, and further suppresses 
deposition of 8-ferrite. However, when an application amount of Ni exceeds 2.0%, it 
decreases remarkably creep resistance, so that the content of Ni is limited to 2.0 % or less. 
[0029] 

N forms nitrides or carbonitrides, whereby movement of dislocation is 
suppressed, and it contributes to increase in creep resistance. Moreover, N remaining in 
its mother phase contributes also to solute strengthening, but when an application amount 
of N is less than 0.025%, these effects can be scarcely observed. On the other hand, when 
the application amount exceeds 0.10%, coarsening of nitrides or carbonitrides is 
accelerated, whereby creep resistance decreases, besides its manufacturability decreases, 
so that the content of N is limited to 0.025 to 0.10%. 
[0030] 
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Mo is useful as a constituent element of solute strengthening elements and of 
carbides, and it is added as needed. An excessive addition of Mo, however, produces 
5-ferrite to decrease remarkably its toughness, and in addition, it results in deposition of 
an intermetallic compound which is principally composed of Fe, Cr and Mo and exhibits 
low stability at elevated temperature for a long period of time, and thus, the content of Mo 
is limited to 1.5% or less. 
[0031] 

Ti and Zr are elements useful for combining with G and N to form fine 
carbonitrides of Ti(C, N) or Zr(C, N), besides accelerating deposits on its crystal grain 
boundary, and it may be added as needed. However, the above-mentioned effects are 
scarcely obtained in case of an application amount of less than 0.001 %, while when it 
exceeds 1.0%, a volume factor of a coarse carbonitride increases rapidly, so that the 
contents of Ti and Zr are limited to 0.001 to 1.0%, respectively. 
[0032] 

Hf combines with C and N to form fine carbonitrides, besides it is also effective 
for improving toughness by keeping an austenite particle diameter in a fine state, and it is 
added as needed. Hf existing in solid solution improves ductility at elevated temperature, 
but the above-mentioned effects are scarcely obtained in the case where an application 
amount of Hf is less than 0.001 % . On the other hand, when the application amount 
exceeds 1.0%, a tendency of subgrain is promoted remarkably to decrease its creep 
resistance, so that the content of Hf is limited to 0.001 to 1.0 % . 
[0033] 

Co is effective for suppressing deposition of 8-ferrite, in addition, assuring 
toughness, and it is added as needed. However, when an application amount of Co is less 
than 0.001%, the above-mentioned effects are scarcely observed, while more than 3.0% of 
addition of Co decreases its creep resistance, besides damages its economical efficiency, 
and thus, the content of Co is limited to 0.01 to 3.0%. 
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[0034] 

It is desired that impurities contained inevitably in case of adding the 
above-described components and Fe being a major component are reduced as less as 
possible. The impurities contained inevitably mean elements such as P, S, Sb, As, and Sn. 
[0035] 

The heat resisting steel according to the present invention is suitable for a 
material such as rotor vanes, shrouds or cotter pins and nozzle pins as well as bolts and 
nuts, control valves, valve rods and valve casings for steam turbine used particularly 
under severe conditions of a high temperature and a high pressure. 
[0036] 
[Examples] 

In the following, the present invention will be described in conjunction with 
examples. 
Example 1 

Chemical compositions of twenty-three types of heat resisting steels used for 
sample materials are shown in table 1 (1) and table 1 (2). Steels designated by sample 
Nos. 1 to 19 are those having chemical compositions within a range specified by the heat 
resisting steel of the present invention, while steels designated by sample Nos. 20 to 23 are 
comparative materials having chemical compositions out of the range specified by the heat 
resisting steel of the invention. Namely, a steel designated by sample No. 20 is a high Cr 
ferrite steel called by the name of Crucible 422 steel, and used for vane and shroud 
materials of steam turbine in high-temperature sections. A steel designated by sample 
No. 21 has an application amount of Nb less than that specified in the range of chemical 
composition according to the present invention. A steel designated by sample No. 22 does 
not contain W, B or Re. A steel designated by sample No. 23 has an application amount 
of W less than that specified in the range of chemical composition of the invention, and it 
does not contain B or Re. 
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2.020 


0.015 


0.501 


0.001 


PQ 


0.019 


0.019 


0.029 


0.020 


0.011 


0.019 


0.031 


0.019 


0.020 


0.010 


0.018 


0.020 

- 


0.019 


0.020 


0.019 




0.042 


0.044 


0.046 


0.040 


0.052 


0.051 


0.046 


0.049 


0.050 


0.041 


0.050 


0.049 


0.050 


0.050 


0.050 




2.51 


2.49 


2.08 


2.49 


2.46 


2.49 


2.48 


2.00 


2.05 


2.05 


2.08 


2.02 


2.52 


2.45 


2.42 




0.19 


0.15 


0.19 


0.19 


0.15 


0.20 


0.20 


0.19 


0.20 


0.15 


0.18 


0.19 


0.19 


0.20 


0.19 


> 


0.31 


0.31 


0.39 


0.30 


0.21 


0.31 


0.40 


0.30 


0.30 


0.30 


0.31 


0.30 


0.25 


0.28 


0.34 

1 


u 


10.22 


10.25 


10.05 


10.40 


10.84 


10.43 


10.32 


10.15 


9.38 


9.92 


9.08 


9.03 


9.51 


9.07 


10.00 




0.98 


0.99 
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• 


oo 
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• 


• 


• 


• 


0.52 


• 


• 


• 


• 


00 

• 


Mn 


0.50 


0.50 


0.49 


0.50 


0.82 


0.50 


0.50 


0.51 


0.50 


0.50 


0.52 


0.51 


0.50 


0.50 


0.50 




0.04 


0.06 


90*0 


0.06 


0.07 


0.06 


900 


90*0 


0.06 


0.06 


0.05 


0.05 


0.06 


0.07 


0.05 


u 


0.12 






n— i 


0.12 


t 




0.12 


>— i 


0.13 


0.12 


0.12 


0.11 
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0.13 
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U 

C3 

"3 
73 



3 

H 



-Si 
3 

eg 
H 







Remainder 


Remainder 


Remainder 


Remainder 


Remainder 


Remainder 


Remainder 


Remainder 




© 


I 
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I 
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i 
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i 
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i 




N 


i 


i 
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i 




H 


i 
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i 
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0.20 


0.22 


0.21 


0.11 


0.99 


0.11 


1.00 


0.99 


ition 




0.002 


0.010 


0.010 


0.001 
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Chemical Compos 




0.019 


0.005 


0.009 


0.029 
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0.020 
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0.050 


0.042 


0.052 


0.046 
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0.051 


0.050 


0.048 




2.40 


2.31 


2.48 


2.08 


1.04 


2.48 
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0.42 






0.20 


0.15 


0.19 
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0.04 
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0.05 
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0.30 


0.26 


0.30 
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0.20 
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0.18 






10.06 
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10.05 


10.05 
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10.05 
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10.03 




Z 


1.20 


0.98 


1.51 


1.00 


0.83 


0.99 


0.63 


0.68 




Mn 


0.50 


0.50 


0.50 


0.49 


0.72 


0.51 


0.52 


0.59 
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0.05 
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0.04 
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0.03 




U 


1 

0.13 


0.12 


0.12 


0.11 


0.23 


0.11 


0.16 


0.14 


e o 




r- 


00 


OS 


© 






e> 


a 


z 


UOi;U3AUI 


aiduiBxg 
3AijBJeduio3 



00 



The above-described twenty-three types of steels were melted and cast in 50 kg of 
a vacuum high frequency induction furnace, and then rolled sufficiently, respectively. 
Thereafter, they were heat-treated under heat-treating conditions as shown in Tables 2 (1) 
and 2 (2) wherein the steels designated by sample Nos. 4, 6, 7, 9, 11 and 14 were 
heat-treated under two types of conditions, respectively, 
[0038] 
[Table 3] 
Table 2 (1) 



Sample 
No. 


Heat-treating Condition 


Quenching Condition 


Tempering Condition 


The Present Invention 


1 


1100°C x 3 h -+ Oil Cooling 


570°C x 15 h -» Air Cooling + 640°C x 24 h ^ Air Cooling 


2 


1100°C x 3 h -> Oil Cooling 


570°C x 15 h ^ Air Cooling + 640°C x 24 h ^ Air Cooling 


3 


1100°C x 3 h Oil Cooling 


570°C x 15 h -> Air Cooling + 640°C x 30 h -> Air Cooling 


4 


1100°C x 3 h -» Oil Cooling 


570°C x 15 h -> Air Cooling + 640°C x 30 h -> Air Cooling 


1120°C x 3 h Oil Cooling 


750°C x 1 h -+ Air Cooling + 670°C x 10 h -» Air Cooling 


5 


1100°C x 3 h -> Oil Cooling 


570°C x 15 h ^ Air Cooling + 640°C x 24 h -> Air Cooling 
+ 750° C x 1 h Air Cooling 


6 


1100°C x 3 h -> Oil Cooling 


570°C x 15 h Air Cooling + 640°C x 24 h ^ Air Cooling 
+ 750°C x 1 h -+ Air Cooling 


1120°C x 3 h Oil Cooling 


750°C x 1 h Air Cooling + 670° C x 10 h Air Cooling 


7 


1100°C x 5 h -> Oil Cooling 


570°C x 15 h Air Cooling + 640°C x 24 h -> Air Cooling 
+ 750° C x 1 h -> Air Cooling 


1120°C x 3 h -» Oil Cooling 


750°C x 1 h -»• Air Cooling + 670° C x 10 h -> Air Cooling 


8 


1100°C x 5 h -+ Oil Cooling 


570°C x 15 h -> Air Cooling + 640°C x 24 h -» Air Cooling 
+ 750°C x 1 h Air Cooling 


9 


1100°C x 5 h -+ Oil Cooling 


750°C x 3 h Air Cooling + 640° C x 30 h Air Cooling 


1120°C x 3 h -> Oil Cooling 


750°C x 1 h -> Air Cooling + 670° C x 10 h -> Air Cooling 


10 


1100°C x 5 h -> Oil Cooling 


750°C x 3 h -> Air Cooling + 640°C x 30 h -> Air Cooling 


11 


1100°C x 5 h Oil Cooling 


750°C x 5 h -> Air Cooling + 650° C x 30 h -> Air Cooling 


1120°C x 3 h -> Oil Cooling 


750°C x 1 h Air Cooling + 670°C x 10 h -> Air Cooling 
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[Table 4] 



Table 2 (2) 



Sample 
No. 


Heat-treating Condition 


Quenching Condition 


Tempering Condition 


The Present Invention 


12 


1100°C x 5 h -» Oil Cooling 


750°C x 5 h Air Coohng + 650°C x 30 h -> Air Cooling 


13 


1100°C x 3 h -» Oil Cooling 


650°C x 30 h ^ Air Coohng + 700°C x 15 h ^ Air Cooling 


14 


1100°C x 5 h Oil Coohng 


650°C x 30 h -> Air Coohng + 700° C x 15 h ^ Air Cooling 


1120°C x 3 h Oil Cooling 


750°C x 1 h -> Air Cooling + 670°C x 10 h ^ Air Cooling 


15 


1120°C x 3 h Oil Cooling 


750°C x 1 h -y Air Coohng + 670°C x 10 h -» Air Cooling 


16 


1120°C x 3 h -> Oil Coohng 


750°C x 1 h Air Coohng + 670°C x 10 h ^ Air Coohng 


17 


1120°C x 3 h -» Oil Cooling 


750°C x 1 h Air Coohng + 670°C x 10 h -> Air Cooling 


18 


1120°C x 3 h Oil Cooling 


750°C x 1 h -» Air Cooling + 670°C x 10 h -> Air Cooling 


19 


1120°C x 3 h -> Oil Coohng 


750°C x 1 h ->■ Air Coohng + 670°C x 10 h -> Air Cooling 


Comparative Example 


20 


1030°C x 0.5 h -> Oil Coohng 


630°C x 1 h -> Air Coohng 


1120°C x 3 h Oil Coohng 


750°C x 1 h Air Coohng + 670°C x 10 h -> Air Cooling 


21 


1100°C x 1 h -» Oil Coohng 


750°C x 2 h -+ Air Coohng 


1120°C x 3 h -> Oil Coohng 


750°C x 1 h Air Coohng + 670°C x 10 h Air Cooling 


22 


1120°C x3 h Oil Coohng 


750°C x 1 h -> Air Cooling + 670°C x 10 h -» Air Cooling 


23 


1120°C x 3 h -+ Oil Coohng 


750°C x 1 h -> Air Coohng + 670°C x 10 h Air Cooling 



With respect to the above-described twenty-three types of steels, creep rupture 
tests under five types of conditions were conducted respectively. Based on these results, 
creep rupture strength of 580°C-10 5 hours was determined according to interpolation by 
the use of Larson-Miller parameter, respectively. Further, a total amount of deposition 
was measured with respect to sample steel after applying tempering heat-treatment, and a 
sample of the tempered steel which was creep-ruptured under the condition of 630°C-25 
kgCfrnm 2 , respectively. The results obtained are shown in table 3 (1) and table 3 (2), 
respectively. 
[0039] 
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First, the comparative steel No. 20 is compared with that of No. 21. Since no Nb 
and N are added in the comparative steel No. 20, there is no deposition of fine carbonitride, 
and since an application amount of W is small, grain boundary deposition strengthening 
in Laves phase cannot function effectively, and its creep rupture strength is low. On the 
other hand, the comparative steel No. 21 wherein Nb and N are added, and a balance 
between Mo and W is changed has higher rupture strength than that of the comparative 
steel No. 20 due to deposition of fine carbonitrides and deposition of Laves phase into its 
crystal grain boundary. Furthermore, since the comparative steel No. 22 does not 
contain W, B or Re, and since the comparative steel No. 23 contains a lower amount of W 
than that of the range of chemical composition according to the present invention, and, 
does not contain B or Re, these comparative steels exhibit low creep rupture strength as 
that of the steel No. 2 1 . 
[0040] 

In the following, the heat resisting steels of the present invention are compared 
with the comparative steels. The heat resisting steels Nos. 1 to 19 of the invention exhibit 
remarkably higher creep rupture strength than that of any of the comparative steels at 
around a temperature at which turbine blades are actually operated wherein 593°C steam 
temperature is applied. In the heat resisting steels of the present invention, grain 
boundary deposition strengthening due to deposits on its crystal grain boundary and 
martensite lath boundary as well as deposition dispersion strengthening of Nb 
carbonitride in addition to solute strengthening function extremely effectively in a 
complex manner within a temperature range which is actually applied, whereby the heat 
resisting steels of the invention exhibit excellent creep rupture strength. 
[0041] 

Impact testing was made at 20°C by using a JIS No. 4, 2 mm V-notched Charpy 
test piece with respect to sample steels after applying tempering heat-treatment, and the 
resulting steels which were aged at 600° C or 630° C for 3,000 hours, respectively. The 
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results obtained are shown in table 3 (1) and table 3 (2). 
[0042] 

Impact values of comparative steels to which the heat treatment of the present 
invention is applied after tempering are 2.2 to 5.8 kgf-m/cm 2 , but after aging them, the 
values decrease remarkably to be 1.9 to 2.7 kgf-m/cm 2 . On the other hand, impact values 
of sample steels each having chemical compositions in the range of the invention to which 
the heat treatment of the invention is applied after tempering are 1.9 to 2.3 kgf-m/cm 2 , but 
they maintain values of 1.8 to 2.1 kgf-m/cm 2 even after aging them, so that influence by 
aging is remarkably small. 
[0043] 

Next, the comparative steels are compared with the heat resisting steels of the 
invention with respect to a total amount of deposits. First, a total amount of deposits in 
comparative steel is as low as 2.4 % by weight or less after tempering heat-treatment. 
When the comparative steels are creep-ruptured under 630°C-25 kgCfrnm 2 condition, a 
total amount of deposits increases to a value of 4.4% by weight or more in any of them. 
When these values are compared with those of after tempering heat-treatment, an increase 
amount (a value of (2) - (1) in table 3 (1) and table 3 (2)) is 3.0% by weight or more. 
[0044] 

On one hand, a total amount of deposits is about 3.0% by weight or more already 
after tempering heat-treatment in the heat resisting steels of the invention, and when these 
heat resisting steels are creep-ruptured under 630°C-25 kg&mm 2 condition, a total amount 
of deposits increased to a value of 5.0 % by weight or more. In this case, however, an 
increase amount (a value of (2) - (1) in table 3 (1) and table 3 (2)) is 1.32 to 1.89% by 
weight, and this is drastically smaUer than that of the comparative steels. Accordingly, 
when the heat treatment of the invention is applied to the heat resisting steel of the present 
invention, texture changes during creep are remarkably suppressed. 
[0045] 
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In the heat resisting steel according to the invention, the steel is tempered at at 
least two or more types of temperatures selected respectively from the group of from 
550°C or more to less than 630°C, from 630°C or more to less than 680°C, and from 680°C 
or more to less than 770°C after applying a quenching treatment, whereby a large amount 
of deposits is deposited previously on its crystal grain boundary and martensite lath 
boundary. As a result, stability of a metallic texture after heating at elevated 
temperature increases, so that embrittlement is significantly suppressed in the heat 
resisting steel of the invention. 
[0046] 

Namely, the heat resisting steel of the invention has drastically improved creep 
rupture strength, and is excellent in stability of a metallic texture at a high temperature 
for a long period of time as compared with a high Cr ferrite steel which has heretofore 
been used as a material for steam turbine. 
[0047] 
Example 2 

In example 2, particularly a heat treating method will be described. The rolled 
materials designated by sample Nos. 15 and 16 obtained in example 1 were used to apply 
the heat treatment shown in table 4. More specifically, heat treatment Nos. PH 1 to PH 
10 designate heat treating conditions of the invention wherein two or three steps of 
tempering are conducted, while heat treatment Nos. CH 1 to CH 3 designate heat treating 
conditions of the comparative examples wherein one step tempering is conducted. 
[0048] 

With respect to two types of steels to which the above-described thirteen types of 
heat treatment were applied, creep rupture test was conducted in five types of conditions, 
respectively. Based on these results, creep rupture strength of 580°C-10 5 hours was 
determined according to interpolation by the use of Larson-Miller parameter, respectively, 
and the results determined are shown in table 5. 
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[Table 8] 
Table 5 



Heat Tre« 



""Characteristics 


580°C-10 S h creep 


Impact Value (Kg-m/cm 2 ) 


\ \ 

\ Sample \ 


rupture strength 
(Kgf/mm 2 ) 


After Tempering 
Heat-treatment 


Aging After 600°C x 
3000 h 


tmen t 


No . \ 


No. 15 


No. 16 


No. 15 


No. 16 


No. 15 


No. 16 




PH 1 


23.5 


24.5 


1.9 


2.1 


1.6 


1.9 




PH2 


24.0 


24.5 


1.7 


1.8 


1.6 


1.8 




PH 3 


25.0 


25.0 


1.6 


2.0 


1.6 


1.9 


entioi 


PH 4 


24.0 


24.0 


1.5 


1.8 


1.5 


1.6 


t Inv( 


PH 5 


24.0 


25.0 


1.5 


1.5 


1.5 


1.5 


resen 


PH 6 


24.0 


24.0 


1.7 


1.7 


1.5 


1.5 




PH 7 


23.0 


24.0 


1.9 


2.0 


1.6 


1.8 


H 


PH 8 


24.0 


25.0 


1.9 


18 


1.8 


1.6 




PH 9 


24.0 


24.0 


1.6 


1.7 


1.5 


1.6 




PH10 


24.5 


25.0 


1.7 


1.9 


1.6 


1.8 


Comparative 
Example 


CH 1 


20.0 


21.0 


2.3 


2.6 


1.5 


1.5 


CH2 


20.0 


22.0 


2.3 


2.3 


1.4 


1.6 


CH 3 


21.0 


22.0 


2.3 


2.3 


1.4 


1.5 



Any of the samples to which the heat treatment Nos. CH 1 to CH 3 was applied in 
the comparative examples exhibits 580°C-10 5 hour creep rupture strength of 20.0 to 22.0 
kg-m/mm 2 , and a difference dependent upon tempering conditions is small. On the other 
hand, the samples to which the heat treatment of the invention was applied exhibit 
remarkably improved 580°C-10 hour creep rupture strength of 23.0 to 25.0 kg-m/mm . 
[0050] 

Next, Charpy impact testing was made at 20°C by using a JIS No. 4, 2 mm 
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V-notched Charpy test piece with respect to two types of steels to which the 
above-described thirteen types of heat treatment were applied, and the resulting steels 
which were aged while heating at 600° C for 3,000 hours, respectively. The results 
obtained are shown in table 5. 
[0051] 

Impact values of comparative examples to which the heat treatment Nos. CH 1 to 
CH 3 were applied after tempering are 2.1 to 2.6 kgf-m/cm 2 , but after aging them, the 
values decrease remarkably to be 1.4 to 1.6 kgf-m/cm 2 . On the other hand, impact values 
of sample steels to which the heat treatment of the invention was applied after tempering 
are 1.5 to 2.1 kgf-m/cm , but they maintain values of 1.5 to 1.9 kgf-m/cm even after aging 
them, so that influence by aging is remarkably small. 
[0052] 

[Effect of the Invention] 

In the heat resisting steel of the present invention, each predetermined amount of 
a deposit inside a martensite lath and a deposit on a crystal grain boundary or a 
martensite lath boundary are allowed to be contained into a high Cr ferrite steel having a 
specified composition, whereby stability in its metallic texture can be maintained at a high 
temperature for a long period of time, so that creep rupture strength is drastically 
improved as compared with that of a conventional high Cr ferrite steel applied for steam 
turbine. As a result, the invention can provide a ferrite heat resisting steel having creep 
rupture strength satisfying sufficiently a design stress of steam turbine. Moreover, the 
heat resisting steel of the invention not only exhibits excellent strength at elevated 
temperature, but also improves remarkably stability in its metallic texture at a high 
temperature for a long period of time. Thus, when the heat resisting steel of the 
invention is used for blades, shrouds, and nozzle plates for steam turbine, high reliability 
of the heat resisting steel is exerted for a long period of time under even a severe steam 
condition which is in a high temperature and a high pressure, whereby it contributes to 
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f 

improving performance and operation of a steam turbine, in other words, industrially 
advantageous effects are obtained by the heat resisting steel of the invention. 
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